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(54) Non-toxic primer mix 

(57) A non-toxic primer mix including both bismuth 
sulfide and potassium nitrate as the pyrotechnic portion 
of the primer is disctosed. In a further embodimentp a 
non-toxic prlnr>er mix comprising zinc sulfide and alumin- 
ium nitrate as the pyrotechnic portion of the primer mix 
is disclosed. Bismuth andzinc sulfide act as fuels for the 



oxidizers of potassium and aluminum nitrate in providing 
an ignition flame forthe primer. The non-toxic primer 
further contains a lead-free explosive material, and ad- 
ditionaily can include added lueis, sensitizers, explo- 
sives and binders. 
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Description 

FIELD OFINVEhmON 

s [0001] The present invenrtion generally relates to explosives and more particularly to a primer charge. 
BACKGROUND 

[0002] The smaDest component In small arms ammunitfon, the percussion primer, is the link between the striking of 

to the firing pin and the explosion of the projectile out of the cartridge casing. Percussion primers or primer mixes generally 
have undergone only gradual changes since their original development. For a time, mercury fulmlnafe was the most 
commonly used primer mix. In the 1920s, alternate priming mixes were found to replace mercury fulminate, as this 
latter composition was found to deteriorate rapidly under tropteal conditions and cause potential health problems or 
concerns such as lethargy and nausea to the shooter after firing. However, the alternate mixes, based on lead thiocy- 

t5 anate/potassium chlorate formulations were soon recognized as detrimental to weapon ban-els because of the forma- 
tion of corrosive water soluble potassium chbride salts upon combustion, l-ater primer mbces were based on the primary 
explosive lead styphnate, a substance which is much more stable than mercury fulminate and is stiD in use today. 
[0003] Except for the use of pure mercury flJiminate as an igniter, most commonly used primer mbees are chemical 
mixtures comprising at least a primary explosive, an oxidizing agent and a fuel source. Lead styphnate Is the most 

20 common primary explosive, with tetrazene typically being added as a secondary explosive for rendering the lead sty- 
phnate composition sufficiently sensitive to percussion. The most common oxidizing agent Is barium nitrate, which is 
combined with a fiiel, antimony sulfide. Frictk>n producing agents and additional fuels are also added. Unfortunately, 
lead, antimony and barium are highly toxic, and therefore pose a potential health hazard, particidariy when used within 
an enclosed shooting range where they can accumulate in tfie atmosphere and on surfaces. 

25 [0004] Accordingly, attempts have produced a non-toxic primer composition. The phrase "non-toxic" Is intended to 
mean a substance consisting essentially of materials which are not toxic heavy metals such as lead or barium, known 
carcinogens or poisons, especially when vaporized, burnt or exploded as in the firing of an ammunition round. In the 
production of non-toxic primer mixes, diazodinitrophenol (DDNP) is often a preferred substitute for lead styphnate as 
the primary explosive. DDNP is both sllghtfy insoluble in water and is desensitized by water for safer processing. Uke 

30 lead styphnate, DDNP typically is accompanied by tetrazene as a secondary primary explosive to render the compo- 
sition sufficiently sensitive to percussion. 

[0005] While considerable attention has been directed to removing lead from primer mixes, there has been less 
attentk)n paid to the removal of remaining toxic components from the primer mix. TTius, toxic oxidizing agents and 
fuels, such as barium nitrate and antimony sulfide, still remain sources of concern. Both barium and antimony are 
3S highly toxic metals and their Inclusion In the primer mb( creates a toxk: residue after firing. Accordingly, there exists a 
need for a non-toxic primer mix free of both lead and toxic oxidizers and fuels such as barium nitrate and antimony 
sulfide. 

SUMMARY 

40 

[0006] The present invention generally connprises a composition and method of preparing a non-toxic primer mbc 
including In one embodiment both bismuth sulfide and potassium nitrate as the pyrotechnic portion of the primer mix. 
In a further embodiment, zinc sulfide and aluminum nitrate are included as the pyrotechnic portion of the primer mix. 
Bismuth sulfide and zinc sulfide serve as non-toxic iuels for the non-toxic oxidizers of potassium nitrate and aluminum 

4S nitrate in the productkxi of an ignition fiame. 

[0007] in greater detail, the non-toxte primer mix contains approximately 2-20% by weight bismuth sulfide, approxi- 
mately 25-70% by weight potassium nitrate and approxirT^tely 25-50% by weight of a lead-free explosive material. 
Addlttonally, the primer can include additional fuels such as nitrocellulose, aluminum, manganese and manganese 
oxide. Furthermore, pentaerythritol tetranitrate (PETN) may be Included as a primary explosive, and gum arable used 

so as a binder. 

[0008] The primer mix typically is wet processed during production for safety, end comprises the steps of combining 
water and on a dry weight percent approximately 2-20% by weight bismuth sulfide, approximately 25-70% by weight 
potassium nitrate, and approximately 25-50% by weight explosive material and then mixing. The wet formed primer 
mix can then be rolled and changed into pencusskwi cups. 
S5 [0009] In an additional embodiment, the non-toxic primer mix contains appreximately 2-20% by weight zinc sulfide, 
approximately 25-70% by weight aluminum nitrate and approximately 25-50% by weight of a lead-free explosive ma- 
terial. Additionally, the primer can include additional fuels such as nitrocellulose, aluminum, manganese and titanium. 
Furthemnore, pentaerythritol tetranitrate (PETN) may be included as a primary explosive, and gum arable used as a 
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binder. 

[0010] In a further embodiment, the primer mix Is wet processed comprising the steps of combining water and on a 
dry weight percent approximately 2-20% by weight zmc sulfide, approximately 25-70% by weight aluminum nitrate, 
and approximately 25-50% by weight explosive material and then mbclng. TTie wet formed primer mix can tlien be roiled 
s and changed Into percussion cups. 

DETAILED DESCRIPTION 

[0011] The present invention comprises a non-toxic primer mix Including both bismuth sulfide and potassium nitrate 
^0 as at least a portion of the pyrotechnic portion of the primer. Additionally, the present invention comprises a non-toxic 
primer mix including both zinc sulfide and aluminum nKrate as at least a portion of the pyrotechnic portion of the primer. 
Bismuth sulfide and zinc sulfide act as fuels for potassium nitrate and aluminum nitrate, which act as oxidizers, to 
provide an ignition flame. Typically the non-toxic primer mix contains approximately 2 to 20% by weight bismuth sulfide 
or zinc sulfide, approximately 25 to 70% by weight potassium nitrate or aluminum nitrate, and approximately 25 to 50% 
15 by weight of a lead-free explosh/e material. Additionally, the primer can include added fuels, such as nitrocellulose, 
and a binder, such as gum arable. 

[0012] Bismuth sulfide generally serves as the fuel or inflammable material in the pyrotechnic system of the non- 
toxic primer mix and is generally represented fciy the fomnula of BI2S3. Bismuth sulfide Is also known as bismuthlnite, 
an ore of bismuth. Bismuth sulfide Is non-toxic and non-^^arcinogenlc as evidenced by the various uses of bismuth salts 
20 in the cosmetic and pharmaceutical industries. For example, bismuth phannaceuticals are used in the treatment of 
stomach ulcers and other intestinal problems, or for external uses because of their astringent and slight antiseptic 
properties. 

[0013] The bismuth sulfide component of the present primer mix generally is combkied with the oxidizer (potassium 
nitrate) to produce the Ignition flame for the combustion of the propellent charge. Bismuth sulfide is added on a dry 
2S weight percent basis at between about 2 to 20% by weight of the primer mix. In one embodiment, bismuth sulfide is 
added in amounts of about 5 to 15% by weight of the non-toxic primer mbc. In a second embodiment, bismuth sulfide 
is added at about 11% by weight of the primer mix. Various other ranges or amounts of the bismuth sulfide can be 
added to the primer mix as will be understood by those skilled in the art 

[0014] Potassium nitrate is added to the primer mix as an oxidizer and is generally repcBsenfed by the formula of 
30 KNQ3. Potassium nitrate Is also iviown as quidc salt or saltpeter and is a very strong oxidizer that is free of toxic metal 
Ions and upon combustion generally does not produce toxic or corrosive by-products. Potassium rtftrate is combined 
with bismuth sulfide to produce the ignitton Hame. Additionally, potassium nitrate can be processed in the form of a wet 
mix. The potassium nitrate component generally is added on a dry weight percent t>asl8 t>etween about 25 to 70% of 
the non-toxic primer mix. in an additional en^odiment, potassium nitrate is added in an amount between about 35 to 
35 55% of the non-toxic primer mix. In a further embodiment, the potassium nitrate Is added at about 50% by weight of 
the primer mix. 

[0015] In an alternative ernt>odlmenit, zinc sulfide generally serves as the fuel or inflammable material In the pyro- 
technic system of the non-toxic primer mbc and is generally represented by the fbrrmiia of ZnS. Zinc sulfide occurs 
naturally as an off white powder blend that Is typically prepared by the precipitation of a zinc salt solution with ammonium 
4Q sulfide. Zinc sulfide is added on a dry weight percent basis at between about 2 to 20% by weight of the primer mbc In 
one embodiment, zinc sulfide is added In amounts of about 5 to 1 5% by weight of the non-toxic primer mix. In a second 
emtxKjiment, zinc sulfide is added at about 11% by weight of the primer mix. \^ou5 other ranges or amounts of the 
zbic sulfide can be added to the primer mbc as will be understood by those skilled in the art 

[0010] Aluminum nitrate Is added to the primer mix as an oxidzer in combination with zinc sulfide and is generally 
45 represented by the formula of AI(N03)3. Alurranum nitrate is combined with zinc sulfide to produce the Ignitksn fiame. 
Addifionally, aluminum nitrate can be processed In the form of a wet rr^ The aluminum nitrate component generally 
Is added on a dry weight percent basis between about 25 to 70% of the non-toxic primer mbi. In an additional embod- 
iment, aluminum nitrate Is added In an amount between about 35 to 55% of the non-toxic primer mbc In a further 
embodiment, the aluminum nitrate Is added at about 50% by weight of the primer mbc 
so [00 1 7] The primer mbc ad ditionally contains a lead-free explosive material that preferably acts as both an acce lerant 
end sensitizer The explosive material chosen generally is non-toxic and can include both a primary and secondary 
explosive. Preferably, the primer mix contains about 24 to 50% by weight explosive material, in an alternative emt)od- 
Iment, the primer contains between about 33 to 41% by weight explosive. 

[0018] In one embodiment, diazodinitrophenol (DDNP) Is chosen as the primary explosive. DDNP can be manufec- 
55 tured by the partial reduction of trinitrophend and subsequent diazotation, and is slightly insoluble in water. DDNP may 
be desensitized by immersing it in water where it does not react at normal temperature. The sensitivity of DDNP to 
friction is also less than that of mercury fulminate, but is approximately the same as that of lead azide. DDNP is not 
the only primary explosive compatible for use within the primer mix. For example, additional primary explosives can 
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Include pcrtassium (finHrobenzofuroxane (KDNBP) and derivatives or mixtures thereof. The primary explosive is chosen 
for being both lead-free and non-toxic. Other prinwy explosives may be used in the present primer mix, either alone 
or In combination with those Dsted alx)ve, so long as the ballistic properties of the prepared primers are similar to or 
better than those of the lead styphnate based primers. 
s [001 9] In one embodiment, the explosive portion of the composition preferably contains about 27 to 35% DDNP as 
the primary explosive. In an alternative embodiment, DDNP comprises about 28% by weight of the primer mix. Typically, 
when DDNP e less than about 27% by weight of the primer mix, shock propagation is reduced, and when it is greater 
than 35%, shock velocity can increase above desired or preferred levels. 

[0020] The secondary explosive Is typically a sensitizer that accelerates the rate of conversion of the pyrotechnic 

10 system. There are a variety of sensitizers capable of being included in the present primer mix. In the present case, the 
sensitizer is selected in part for Its compatibnity with the chosen primary explosive. The sensitizer enhances the sen- 
sitivity of the primary explosive to the percussion mechanism. AdditionaDy, friction agents, such as glass, may be used 
to enhance the sensitivity of the primary explosive. FiMhermore, pentaerythrltol tetranrtrate (PETN) can be added to 
the primer mix to enhance the flame temperature to aid in igniting the propellarrt. 

15 [0021] in an embodiment, tetrazene is selected as a secondary explosive to be combined with DDNP. Tetrazene, 
also known as tetraoene, tetmzolyl guanyltetrazene hydrate or ietrazer)e-1-carbox8mkfine^1-KMetrazol-&-y1) mono- 
hydrate, typically added to the mix In combination with DDNP to increase the sensitivity of the charge. Tetrazene is 
typically added to the mix In an amount between about 4 to 1 1 % by weight. For example, in one embodiment, tetrazene 
can comprise about 5% by weight of the printer mix. When tetrazene is added in amounts less than obout 4% by weight, 

20 If becomes difficutt to reliably incorporate it using typical manufacturing technk^ues, and with concentrations greater 
than about 11 % by weight, there Is an increase in the shock pressure beyond normally acceptable or desired limits. 
[0022] The primer mix can fUrther include an added ItJel that comprises between about 2 to 20% by weight of the 
primer mix. The added fuel can be either metallb, nonmetallic or combinations thereof. An example of a nonmetallic 
fuel includes nitrocellulose, which is typically added in amounts between about 5 to 15% by weight of the primer mix 

25 and more specifically atx>ut 6% by weight In an addittonai embodiment, nitroceliuiose comprises from about 5 to 11 % 
by weight of the primer mbc Nitrocellulose may be added as a doubied-based nitrocefluiose. Examples of metallte fUeis 
Include aluminum, manganese and titanium or comblnattons thereof. Metallic fuels are typically added in amounts up 
to about 10% by weight of the primer mix. 

[0023] The primer formulations may also contain a binder that is generally included up to 2% by weight of the primer 
^ mbc to minimize dusting. Typically, about from 0.5 to 1 .5% by weight of the primer mbc is binder, and more particularly 
about 0.5% by weight is binder. The binder generally is chosen for maximum compatibility with the explosive fonDuiation 
prepared. The binder can be selected from a variety of gum materials, such as gum arabks. and particulariy acacia 
gum arabto, as well as polyvinyl alcohol with guar gum. However, gum arable has bem found to be particularly satis- 
factory. 

36 [0024] The disclosed components of the primer mix can be combined and wet mixed by the use of standard low 
shear mixers, using customary techniques for blending explosives. The components typically are wet-mixed for safety 
since the exptosive compounds are desensitized when mixed with water. With these techniques, the explosive com- 
ponents are generally blended first, followed by the fuels, and finally the oxkiizer components. 
[0025] By way of example and Illustration, and not by limitation, the mixing and preparation of the primer mix is 

40 illustrated below by the fbllowlng steps. Other components may be added to tlie mix as desalbed above, and the 
recite primer mix is not to be limited by any one proscribed process, but only by the appended claims. 
[0026] The primer mix may be prepared and applied by the foiiowing steps: 

1. Within the above-described ranges, primary and secondary explosives are added In a kettle mixer with an 
45 amount of water and then mixed for appnoximateiy 2 minutes. 

2. Within the atK>ve-described ranges, t>ismuth sulfide and additional fuels are added to the wet mix of explosives 
and then mixed for approximately 2 minutes. 

3. Within the above-descrit)ed ranges, potassium nitrate Is added to the wet mix of explosh^ and fuel and then 
mixed for about 2 ntinutes. Subsequently, the entire mixture is mixed for about 3 minutes to form the wet mix primer. 

50 4. The resulting wet primer mix is rolled onto plates having holes or recesses wherein the wet mixture is formed 
into pellets and then punched and charged into primer cups. The resulting charged primer mix is then covered 
with a paper foil and an anvil is inserted. The charged primer mix is then typicaiiy allowed to dry for 5 days at about 
50«C. 

55 [0027] The present primer mix generally matches the energetics of currently manufactured formulations based on 
lead styphnate, as more fiiliy illustrated by the foiiowing comparative examples, in which parts and percentages ana 
by weight 

[0028] Table 1 illustrates the various components of the present primer mix and their respective percent weights on 
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a dry weight basis. The binder, gum arabic. Is added to all six examples in amounts of up to about 0.5% and its per- 
centage is not listed In Table 1 since It comprises so little of the primer mbc 



Table 1 
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EXAMPLE 


1 


2 


3 


4 


5 


6 


Bismuth Sullkle 


11.0% 


7.0% 


7.0% 


7.0% 


11.0% 


11.0% 


Potassium Nitrate 


50.0% 


37.0% 


34.0% 


37.0% 


45.0% 


45.0% 


Diazodinitrophenol 


28.0% 


33.0% 


30.0% 


30.0% 


28.0% 


28.0% 


Tetrazene 


5.0% 


8.0% 


8.0% 


8.0% 


5.0% 


5.0% 


Nitrocellulose 


6.0% 


16.0% 


15.0% 


15.0% 


6.0% 


6.0% 


PETN 






3.0% 


3.0% 






Aluminum 






3.0% 








Glass 










5.0% 




Manganese 








3.0% 






Manganese Oxide 












5.0% 


Binder-Gum Arabic 















20 [0029] Table 2 Illustrates the sensitivity of the inventive primer mbc of examples 1-6 as compared to a primer mix 
formed from lead sfyphnate. Thetest was carried out using the BAM Drop Test Fixture procedure which is a conventional 
drop test well known to those sidlled In the art. The 50% fire height and standard deviation test results are presented 
in Table 2, where the 50% fire height is the height at which 50% of the primer fires and 50% of the primer foils to fire. 
All heights are given in inches. 

2S 

Table 2 
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Ballistic Drop Test 


1 


2 


3 


4 


5 


6 


Lead Styphnate Based Primers 


50% Rre Height 


4.84" 


4.12" 


5J28" 


4.46" 


3.9" 


4.24" 


3.80* 


Standard Deviation 


0.82 


0.77 


0.90 


1.08 


0.98 


1.05 


0.64 



[0030] Table 3 Illustrates the tested ballistic properties for examples 1-6 and a lead styphnate primer. The primers 
were placed In 0-mm Luger cartridges and tested for ballistic properties as compared to a current styphnate-based 
primer. 

3B 

Tables 
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1 


2 


3 


4 


5 


6 


Ijead Styphnate Based 
Primers 


Average Chamber 


34300 


34000 


34800 


34100 


34000 


33300 


35000 


Pressure (psi) 
















Average Veoloclty (fts) 


1195 


1220 


1225 


1215 


1215 


1217 


1220 



[0031] While Applicants have set forth embodiments as illustrated and desaibed atx)ve, It is recognized tiiat numer- 
ous variations may be made with respect to relative weight percentages of various constituents In the composition. 
Therelbre, while the Invention has been disclosed In various forms only, it will be obvious to those sicllled in the art that 
many additions, deletions and modifications can Its made without departing from the spirit and scope of this invention, 
and no undue limits should be imposed, except as to those set forth in the fbllowihg daims. 



50 

Claims 

1. A non-toxic primer mix comprising: 
55 t. 

(i) approximately 2-20% by weight bismuth sulfide, and approximately 25-70% by weight potassium nitrate; 
or 
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(H) approximately 2-20% by weight zinc sulfide, and approximately 25-70% by weight aluminium nitrate; 
and 

II. approximately 25^0% by weight of a lead-free explosive material. 

5 

2. A non-toxic primer mix comprising: 

approximately 2-20% ty weight bismuth sulfide, 
approximately 25-70% by weight potassium nitrate, and 
10 approximately 25-50% by weight of a lead-free explosive material. 

3. A nontoxic primer mix comprising: 

approximately 2-20% by weight zinc sulfide, 
15 approximately 25-70% by weight aluminium nitrate, and 

approximately 25-50% by weight of a lead-free explosive material. 

4. The non4oxlc primer mfac of claim 1, claim 2 or claim 3, wherein tiie explosive material is selected from primary 
and secondary explosives. 

20 

5. The non-loxic primer mix of any one of claims 1 to 4, wherein the explosh^ material comprises diazodlnitrophenol 
and tetrazene. 

6. The non-toxic primer mix of claim 5, wherein the explosive material comprises between about 25-33% by weight 
25 diazodlnitrophenol and about 4-1 0% by weight tetrazene. 

7. The non-toxic primer mix of any one of claims 1 to 6. ftjrther including approximately 2-20% by weight of a ftjel. 

8. The non-toxic primer mix of claim 7, wherein the fuel is selected from metallic and nonmetaillc fuels. 

30 

9. The non^xic primer mix of claim 8. wherein the metallic fuel Is selected from aluminium, manganese and titanium. 

10. The non-toxic primer mix of claim 8, wherein the nonmetallic fiiei comprises nitrocellulose. 
35 11. The non-toxic primer mix of any one of claims 1 to 10, further comprising a binder. 

12. The non-toxic primer mix of claim 11, wherein the binder comprises a gum nfiateriat. 

13. The non-toxic primer mix of any one of claims 1 to 12, further including pentaerythritd tetranltrate (PETN). 

40 

14w A method of making a non-toxic primer mix comprising the steps of: 

forming an aqueous primer mix by combining and mixing water with, on a <fry weight percent basis; 

45 I. 

(I) approximately 2-20% by weight bismuth sulfide, and approximately 25-70% by weight potassium 
nitmte; or 

(10 approximately 2-20% by weight zinc auilide, and approximately 25-70% by weight aluminium nl- 
59 trate; and 

11. approximately 25-50% by weight explosive material. 

15. A method of making a non-toxic primer mbc comprising the steps of: 

55 

forming an aqueous primer mix by combining and mixing water with, on a dry weight percent basis; 
approximately 2-20% by weight bismuth sulfide, 
approximately 25-70%by weight potassium nitrate, and 
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approximately 25-50% by weight explosive malerial. 

18. A method of making a non-toxic primer mix comprising the steps of: 

forming an aqueous primer mix by comblrting and mixing water with, on a dry weight percent basis: 
approximately 2-20% by weight zinc sulfide, 
approximately 25-70% by weight aluminium nitrate, and 
approximately 25-50% by weight explosive material. 

17. The method of any one of claims 14 to 16, lurther comprising pelletizing the formed aqueous primer mbc to form 
a primer pellet 

18. The meltiod of Clalm17, further comprising changing a percussion cup with the primer pellet to torn a charged 
percussion cup. 

10. The method of any one of claims 14 to 18, wherein the added explosive material comprises between about 25-33% 
by weight diazodinltrophenoi and about 4-10% by weight tetrazene. 

20. The method of any one of claims 14 to 19, further including adding an additional fuel in an amount of approximately 
2-20% by weight 

21. The method of any one of claims 14 to 20. Ilirther Including adding an additional fUel selected from metallic and 
nonmetallic fuels. 

22. The method of claim 21, wherein the metallic fuel is selected from aluminium, manganese and titanium. 

23. The method of any one of claims 14 to 22. further comprising adding a binder. 

24. The method of any one of claims 14 to 23. further Including adding pentaerythritol tetranitrate (PETN) as the 
expbsive material. 



